The major source of thimerosal (ethyl mercury thiosalicylate) 
Introduction
Apoptosis is a physiological form of cell suicide that plays a role in embryogenesis, metamorphosis, cellular homeostasis, and as a defensive mechanism to remove infected, mutated, or damaged cells. In the immune system, apoptosis plays an important role in the selection of T cell repertoire, deletion of self-reactive lymphocytes, natural killer (NK)-and T cell-mediated cytotoxicity, and termination of response at the end of an immune response. 1, 2 There are two major pathways of apoptosis: the death receptor pathway and the mitochondrial pathway. [3] [4] [5] [6] [7] [8] [9] [10] [11] There is recent evidence to suggest that these two pathways may be linked in certain cell types. 1, 10, 11 In both pathways, a series of molecular and biochemical steps leads to the activation of common effector or executioner cysteine proteases, the caspases resulting in the cleavage of a number of nuclear and cytoplasmic substrates, including those responsible for the maintenance of nuclear integrity, cell cycle progression, and DNA repair.
Thimerosal (also known as Thimersel, merthiolate or sodium ethylmercuri-thiosalicylate) is a water-soluble derivative of thiosalicylic acid with antimicrobial activity. Thimerosal is used as an antimicrobial agent and a preservative in cleaning solutions for eye lenses, cosmetics, and vaccines. It is estimated that an infant could be exposed to as high as 187.5 g of ethylmercury from the routine immunization schedule. 12 Because of healthrelated concern from exposure to Hg from thimerosalcontaining vaccines, the American Academy of Family Physicians, the American Academy of Pediatrics, the Advisory Committee on Immunization Practices (ACIP), and the United States Public Health Service have published their recommendations to remove and greatly reduce thimerosal from vaccines a soon as possible. 12 Hg has been shown to induce a number of immunological and neurotoxic changes, including increased production of Th2 cytokines, increased levels of IgE, decreased activity of T cells and NK cell, suppression of IgG, production of autoantibodies to a variety of self antigens (eg, neural antigens), and apoptosis in microglia and astrocytes. [13] [14] [15] [16] [17] [18] [19] [20] [21] The majority of these studies have been performed both in vitro and in vivo in experimental animals. Because of likely exposure to high levels of Hg via vaccines containing thimerosal and its possible effects on the immune system, we examined the effect of thimerosal in concentrations well within exposure on biochemical and molecular steps of T cell apoptosis.
Results
All results represent either mean and ±s.d. of, or a representative of, three separate experiments.
Thiomerosal induces apoptosis in Jurkat T cells
Cells were incubated with various concentrations of thimerosal at 37°C for 24 h and apoptosis was measured by terminal deoxynucleotidyl transferase (TdT) dUTPmediated nick end labelling (TUNEL) assay. Figure 1a is a representative flow cytometry graph which shows that thimerosal, in a concentration-dependent manner, induced apoptosis in Jurkat T cells. Figure 1b shows data from three separate experiments.
Thimerosal-induced apoptosis is not due to thiosalicylic acid
Thimerosal is composed of both Hg linked to sulfur and thiosalicylic acid moieties. 22 In order to discriminate the effect of ethylemercury from thiosalicylic acid in thiomerosal, cells (1 × 10 6 cells/ml) were incubated in the presence or absence of 0.5 M, 1.0 M, 2.5 M, 5.0 M Figure 1 Effect of thimerosal on apoptosis in Jurkat T cells. Cells were exposed to various concentrations of thimerosal and apoptosis was measured by TUNEL assay. (a) Shows a flow cytometry graph, and cumulative data from three separate experiments are shown in (b). Timerosal in a concentration-dependent manner induces apoptosis.
Genes and Immunity thiosalicylic acid or thimerosal for 24 h at 37°C and apoptosis was measured with propidium iodide (PI) staining using FACScan. Figure 2 shows that thiosalicylic acid does not induce apoptosis in T cells, suggesting that the thimerosal-induced apoptosis is due to ethyl mercury.
Thimerosal decreases mitochondrial membrane potential (⌬⌿ m ) in T cells
Dissipation of ⌬⌿ m is followed by cytochrome c release resulting in apoptosis. 7, 8, 10 Therefore, we examined the effect of thimerosal on ⌬⌿ m In brief, cells were cultured for 4 h with or without various concentrations of thimerosal, incubated with JC-1 and analyzed for changes in ⌬⌿ m using FACScan. Figure 3a and 3b show that thimerosal, in a concentration-dependent manner, shifted from red to green fluorescence and an increase in the green/red fluorescence ratio indicating decreased ⌬⌿ m (de polarization of mitochondrial membrane).
Thimerosal causes release of both cytochrome c and apoptosis inducing factor (AIF) from the mitochondria Permeabilization and depolarization of mitochondrial membrane are associated with the release of cytochrome c as well as of AIF from the mitochondria. 7, 8, 10, 23 Cells incubated in the presence or absence of 2.5 M of thimerosal for 2 and 4 h were double-stained with Mitotracker Orange (a mitochondrial dye) and anti-cytochrome c or anti-AIF antibodies revealed by FITCconjugated secondary antibodies and examined with confocal microscope. Figure 4 shows that thimerosaltreated cells showed increased release of both cytochrome c (4a) and AIF (4b) from the mitochondria. The percentage of release for cytochrome c at 2 h was 28% and at 4 h was 53% and for AIF at 2 h was 11% and at 4 h was 26%.
Thimerosal activates caspase-9 and caspase-3 but not caspase-8 Release of cytochrome c leads to initiation of the caspase cascade, primarily through activation of caspase-9 and then caspase-3. 7, 8 Cells were incubated in the presence or absence of various concentrations of thimerosal and examined for caspase-9, caspase-3, and caspase-8 activity by colorimetric assay. In addition, caspase-3 activity was also measured by the cleavage of its substrate poly (ADP- Figure 5a shows colorimetric data of caspase activation. Thimerosal, in a concentrationdependent manner, activated both caspase-9 and caspase-3; however no activation of caspase-8 was observed, suggesting that thimerosal activates caspases via deathreceptor independent mitochondrial pathway. Furthermore, thimerosal induced cleavage of PARP (Figure 5b ).
Thimerosal increases intracellular levels of reactive oxygen species (ROS)
Organic Hg compounds have been shown to induce ROS [24] [25] [26] [27] and ROS are considered as biochemical mediators of apoptosis. 28 Therefore, we examined whether thimerosal would also increase ROS levels in T cells. Untreated and cells treated with various concentrations of thimerosal for 4 h were loaded with an oxi- dant-sensitive probe DHR123 and oxidation of DHR123 into its fluorescent analog rhodamine 123 was analyzed with flow cytometry. DHR123 measures peroxide production. Figure 6 shows that thimerosal increased intracellular levels of ROS. The peak increase in ROS was observed at 0.5 M and no further significant increase in ROS was observed at higher concentrations. This lack of concentration-dependence may be due to differential sensitivity of DHR123 assay.
Thimerosal reduced intracellular concentration of glutathione (GSH)
ROS leads to oxidation of GSH and reduced concentration of GSH 29 and reduced GSH is associated with increased susceptibility to apoptosis.
30-32 Therefore, we examined the effect of thimerosal on intracellular glutathione. Cells were treated with various concentrations of thimerosal and then analyzed for intracellular GSH levels. Thimerosal significantly (P Ͻ 0.001) reduced the intracellular concentration of GSH (Table 1) .
Exogenous GSH protects T cells from thimerosalinduced apoptosis
Glutathione protects cells from oxidative stress-induced apoptosis. 33, 34 To determine whether increased ROS was responsible for thimerosal-induced apoptosis, we examined the effect of exogenous glutathione (as an antioxidant) on thimerosal-induced apoptosis. Cells (1 × 10 6 /ml) were pre-exposed to 5 mM and 10 mM glutathione for 2 h, and then incubated at 37°C for 16 h in the presence or absence of 2.5 M and 5 M thimerosal and apoptosis was measured by TUNEL assay. Figure 7a shows (a representative experiment) that exogenous glutathione protected T cells from thimerosal-induced apoptosis. Figure 7b shows the cumulative data from three separate experiments. Five mM glutathione was sufficient to protect T cells from thimerosal-induced apoptosis. In order to determine the mechanism of protection of apoptosis by exogenous GSH, we examined the effect of exogenous GSH (5 mM) on thimerosal-induced activation of caspase-9, caspase-3 and the expression of cIAP1 and XIAP. Figure 7c shows that GSH inhibited thiGenes and Immunity merosal-induced activation of both caspase-9 (P Ͻ 0.002) and caspase-3 (P Ͻ 0.001) and inhibited thimerosalinduced downregulation of cIAP1 and XIAP (Figure 7d ).
Thimerosal does not effect the expression of Bcl-x L or Bax
Bcl-x L and Bax regulate the release of cytochrome c and AIF. 10, 23 Because thimerosal induces release of cytochrome c and AIF and increases ROS, we examined the effect of thimerosol on the expression of Bcl-x L , and Bax. Cells were incubated with various concentrations of thimerosal for 18 h and analyzed for Bcl-x L and Bax expression by Western blotting, using specific antibodies. Actin was used as an internal loading control. Figure 8 shows that thimerosal had no effect on Bcl-x L or Bax expression.
Thimerosal inhibits the expression of cIAP-1 and XIAP Apoptosis inhibitory proteins (IAPs) play a role in the inhibition of apoptosis by inhibiting the activation of pro-caspases and activity of mature caspase-3, caspase-7, and caspase-9. 35, 36 IAPs are under regulatory control of transcription factor NF-B [37] [38] [39] and deficiency of GSH is associated with suppression of NF-B function. 40 Therefore, we examined whether thimerosal-induced apoptosis was due to decreased expression of IAPs. Cells were incubated with various concentrations of thimerosal for 18 h and analyzed for the expression of IAPs by Western blotting. Figure 9 shows that thimerosal, in a dose-dependent manner, inhibited the expression of cIAP1 and XIAP but had no effect on cIAP-2 expression.
Discussion
During the last 2 years there has been major concern among lay people about the possible risk of thimerosal exposure to children through routine immunization. It is estimated that an infant could be exposed to as much as 187.5 g (approximately 100 M) of ethyl mercury from the routine immunization schedule. 12 Organic Hg compounds have been show to influence various immune responses mostly in the animal models. [13] [14] [15] [16] [17] [18] [19] [20] Thimerosal, a sulfhydryl reagent, calcium mobilizer, and cell function modulator, is composed of two moieties, the thiosalicylic acid and mercury linked to sulfur. 22 Therefore, we examined the effects of thimerosal on apoptosis in T cells.
During the last decade, there has been an increased understanding of the role of mitochondria in cell death. 7, 8, 10, 23 A number of stimuli, including chemotherapeutic agents, UV radiation, stress molecules (reactive oxygen and reactive nitrogen species) appear to mediate apoptosis via mitochondrial pathway. Because Hg is known to induce oxidative stress 24, 25 and oxidative stress is a mediator of apoptosis, 28 we have examined the effect of thimerosal on mitochondrial pathway of apoptosis. We observed that thimerosal, in a concentration-dependent manner (very low concentrations), induces apoptosis in Jurkat T cells. Furthermore, we showed that the effect of thimerosal was due to its Hg moiety rather than due to thiosalicylic acid. Similar effects have been observed with methyl mercury and other inorganic mercury compounds. [25] [26] [27] Mitochondria are organelles with two well-defined compartments: the matrix, surrounded by the inner membrane (IM) and the intermembrane space, surrounded by the outer membrane (OM). The IM contains various molecules, including ATP synthase, electron transport chain, and adenine nucleotide translocator. Under physiological conditions these molecules allow the respiratory chain to create an electrochemical gradient or membrane potential (⌬⌿). IM permeabilization leads to changes in ⌬⌿ m . 7, 8, 10 Therefore, we examined the effect of thimerosal on ⌬⌿ m . Thimerosal, in a concentrationdependent manner, decreased ⌬⌿ m suggesting depolarization of the mitochondrial membrane. Similar depolariz- Effect of thimerosal on Bcl-x L and Bax expression. Cells were exposed to various concentrations of thimerosal for 18 h and the expression of Bcl-x L and Bax was determined by Western blotting. Actin was used as internal loading control. Thimerosal had no effect on the expression of either of these molecules.
Figure 9
Effect of thimerosal on the expression of IAPs. Cells were incubated with various concentrations of thimerosal for 18 h and IAPs expression was analyzed by Western blotting. A concentration-dependent decrease in XIAP and cIAP1 was observed; no effect was observed on cIAP2.
ation of mitochondrial membrane has been observed with other organic mercury compounds. 26, 27 The OM of mitochondria contains a voltage-dependent anion channel. 10 The intermembrane space contains cytochrome c, certain pro-caspases, and apoptosis-inducing factor (AIF). The permeabilization of the OM, therefore, results in the release of these molecules. The release of cytochrome c is one of the major steps in the mitochondrial pathway of apoptosis that is associated with changes in mitochondrial membrane permeabilization (MMP). Therefore, we examined the effect of thimerosal on the release of cytochrome c and AIF using a mitochonGenes and Immunity drial dye and monoclonal antibodies against cytochrome c and AIF, and confocal microscope. Our data show that thimerosal induces release of both cytochrome c release and AIF from the mitochondria. Close et al 41 have also shown, using Western blotting, a release of cytochrome c in response to methylmercury chloride. These investigators, however, did not examine the release of AIF.
The release of cytochrome c triggers the assembly of Apaf-1 (apoptotic protease-activating factor) and pro-caspase-9 to form an apoptosome. 7, 8, 10 Pro-caspase-9 is then autolyticaly cleaved to active caspase-9, which then activates pro-caspase-3 to active caspase resulting in cleavage of its substrates and apoptosis. Therefore, we examined the effect of thimerosal on the activation of caspase-3 and -9. Our data show that thimerosal, in a concentration-dependent manner, induces activation of both caspase-3 and caspase-9. Furthermore, we observed that thimerosal had no effect on caspase-8 activation. Therefore, thimerosol appears to mediate apoptosis via mitochondrial pathway and not via death receptor pathway.
Hg is known to induce oxidative stress. 24, 25 Reactive oxygen species (oxygen-free radicals, peroxides, and singlet oxygen) are highly reactive metabolites that are generated during normal cell metabolism, and cells contain many anti-oxidant systems to limit their damaging effects. 33, 34 The major source of ROS in most cell types is probably the leakage of electron from mitochondrial electron transport chain that reduces molecular oxygen to superoxide ions. Elevated intracellular ROS are sufficient to trigger apoptosis 42, 43 and it has been suggested that ROS are biochemical mediators of apoptosis. 28 In this study, we observed that thimerosal increased intracellular levels of ROS. Increased ROS production has also been reported in response to methylmercury chloride. 26, 27 Both ROS and thimerosal cause an increase in intracellular calcium resulting in activation of endogenous endonucleases and apoptosis. [44] [45] [46] [47] Glutathione is an anti-oxidant that protects cells from oxidative stress-induced apoptosis. 34 Glutathione depletion is associated with an increased proportion of cells undergoing apoptosis and glutathione decreases apoptosis in fibroblasts. 48 In this study, we have observed that thimerosal reduces intracellular levels of GSH and in vitro glutathione protects T cells from thimerosal-induced apoptosis. Furthermore, we have demonstrated that the protection of apoptosis by exogenous GSH is due to upregulation of XIAP and cIAP-1 and inhibition of both caspase-9 and caspase-3 activation. Since IAPs inhibit the activation of caspases 35, 36 it is likely that GSH-induced inhibition of thimerosal-induced activation of caspase-9 and caspase-3 is secondary to upregulation of XIAP and cIAP. Our results of decreased GSH levels are in agreement with those reported by Shenker and colleagues for methylmercury chloride. 24, 26, 27 The permeabilization of OM and/or IM of the mitochondria, maintenance of the mitochondrial potential, and the release of cytochrome c and AlF are controlled by several members of the Bcl-2 family, especially Bax, Bcl-2, and Bcl-x L . 7, 8, 10, 23 Because thimerosal reduces ⌬⌿ m , causes release of cytochrome c and AIF, increases ROS, and decreases anti-oxidant GSH, we examined the effect of thimerosal on the expression of Bax, Bcl-2 and Bcl-x L . Thimerosal had no effect on the expression of Bax or Bcl-X L . Close et al 41 also observed no effect of methymercury chloride on Bcl-2 expression. Then, the mechanism of thi-merosal-induced release of cytochrome c and AIF remains unclear. The phosphorylation of Bcl-2 family members is associated with the loss of their apoptosis regulating function 49, 50 and intracellular location of certain Bcl-2 family members, including Bcl-X L and Bax are critical for their functions. 51 Therefore, thimerosal might induce phosphorylation of the Bcl-2 family or alters their intracellular localization without affecting the protein levels. It is also possible that other proapoptotic molecules like Bmf (Bcl-2-modifying factor), Bik, Bak, or Bim 9,52-54 are upregulated by thimerosal. AIF once released from mitochondria, is transported into the nucleus, where it stimulates (ATP-independent and caspase-independent) large DNA fragmentation and condensation of chromatin. 23 Since thimerosal also causes AIF release from the mitochondria, it is possible that, in addition to cytochrome c-mediated caspase-dependent apoptosis, thimerosal might also induce apoptosis by a caspase-independent manner.
Inhibitor of apoptosis proteins (IAPs) are a novel family of anti-apoptotic endogenous proteins. 35, 36 At least three cellular IAP genes with antiapoptotic properties have been identified. These include cAP-1, cAP-2, and XIAP. IAPs contain one to three modules of a common 70 amino-acid motif termed the BIR domain. IAPs inhibit apoptosis by inhibiting both caspase activation and caspase activity via interaction with caspase-3, -7 and -9 but not caspase-1, -6, -8 or -10. IAPs inhibit apoptosis induced by both death receptor and mitochondrial pathways by inhibiting caspase-9 and caspase activity. NF-B is a repressor of apoptosis [55] [56] [57] [58] [59] and its anti-repressor activity is mediated in part by upregulation of IAPs. [37] [38] [39] GSH deficiency is associated with impaired NF-B activation. 40, 48 A role of IAPs in thimerosal-induced apoptosis was further supported by our observation that exogenous GSH inhibits apoptosis and prevent thimerosal-induced downregulation of XIAP and cIAP-1. Our data also suggest that various IAPs are differentially regulated. It is also interesting to note that thimerosal did not effect caspase-8 activation; IAPs also do not inhibit caspase-8 activity. To the best of our knowledge this is the first study that has examined the effect of mercury and oxidative stress on the expression IAPs.
In summary, thimerosal (Hg component) induces apoptosis in human T cells via mitochondrial pathway by inducing oxidative stress and by depletion of GSH.
Materials and methods

Cell line and cell cultures
Jurkat T cell line (Clone E6-1, ATCC, Manassas, VA, USA) were maintained in RPMI-1640 (GIBCO, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS), 2 mM Glutamine, and antibiotics (Penicillin 100 U/ml, Streptomycin 100 mg/L). Jurkat T cells were used in growth phase.
Cells were incubated in the presence or absence of various concentrations of thimerosal (0.5 M, 1.0 M, 2.5 M, 5.0 M) for 4-18 h and then analyzed for various assays.
Apoptosis
Cells were suspended in RPMI-1640 at a concentration of 1 × 10 6 /ml and incubated for 16-24 h with or without various concentrations of thimerosal. Apoptosis was measured by TUNEL and PI dye using FACScan.
TUNEL assay: Cells were washed with PBS containing 1% BSA and 0.1% sodium azide and fixed in 2% parafomaldehyde for 30 min at room temperature. Cells were washed with PBS and permeabilized with sodium citrate buffer containing TritonX-100 for 2 min on ice. After washing cells were incubated with FITC-dUTP in the presence of TdT enzyme solution containing 1 M potassium cacodylate and 125 mM Tris-Hcl, pH 6.6 (In Situ Death Detection Kit, Boehringer Mannheim, Indianapolis, IN, USA) for 1 h at 37°C. Following incubation, cells were washed with PBS and 5000 cells were acquired and analyzed by FACScan.
Propidium iodide staining: Cellular DNA content was measured following extraction of degraded DNA from apoptotic cells as described by Darzynkiewicz et al. 60 Briefly, cells (1 × 10 6 /ml) were fixed in 70% ethanol, washed with PBS and were resuspended in DNA extraction buffer (0.2 M Na 2 HPO4 with 0.1 M citric acid pH 7.8). Following extraction, cells were washed and incubated in DNA staining solution (20 g/ml Pl in PBS containing 50 g/ml RNase A). Cells were stained for 30 min at room temperature in the dark and analyzed by FACScan (Becton Dickinson, San Jose, CA, USA).
Determination of mitochondrial potential (⌬⌿ m )
Cells (1 × 10 6 cells) incubated with or without various concentrations of thimerosal for 4 h at 37°C were washed with PBS and incubated with 10 g/ml of the lipophilic cationic dye JC-1 (5,5Ј, 6,6Ј-tetrachloro-1,1Ј, 3,3Ј-tetraethylbenzimidazol carbocyanine iodide) for 10 min at 37°C. Cells were transferred on ice for FACS analysis. Forward and side scatters were used to gate and exclude cellular debris. Cells were excited at 488 nm and JC-1 emission was collected on FL-1 and FL2 channels at 530 nm and 590 nm respectively. Ten thousand cells were analyzed. Data were acquired and analyzed using Cell Quest software (Becton-Dickinson, Menlo Park, CA, USA). JC-1 normally gives a green fluorescence (FL-1). JC-1 forms J-aggregates in the presence of increasing mitochondrial potentials. These J-aggregates give a red fluorescence (FL-2). By comparing the green/red fluorescence ratio, one can determine the changes in ⌬⌿ m .
Measurement of reactive oxygen species
Reactive oxygen intermediates were determined by a method described by Emmendorfer et al. 61 Dihydrorhodamine123 (DHR123) is the non-fluorescent uncharged reduction product of rhodamine 123. It reacts with hydrogen peroxide and peroxynitrite, the anion formed when superoxides react with nitric oxide. Cells with or without exposures to thimerosal were incubated with 20 M DHR123 at 37°C for 20 min, washed and then analyzed by FACScan.
Measurement of intracellular glutathione
Cellular levels of GSH were determined using a GSH-400 colorimetric assay kit (Oxis International, Portland, OR, USA). In brief, Jurkat T cells (1 × 10 6 /ml) were cultured with or without thimerosal (1.25-5 M) at 37°C for 18 h. Cells were then washed twice with ice-cold PBS, resuspended in 400 l of 5% (w:v) metaphosphoric acid and homogenized. The cell homogenates were centrifuged at 3000 g, 4°C, for 10 min and the assay was performed on 200-l aliquots of supernatants.
Analysis of cytochrome C and AIF release
The release of cytochrome c and AIF from the mitochondria was analyzed by confocal microscopy. In brief, cells were incubated with 2.5 M thimerosal for 2 and 4 h, washed three times with PBS and then incubated with 150 nM Mito Tracker Orange (Molecular Probes, City, CA, USA) for 15 min at 37°C. After fixation with 4% (w/v) freshly prepared paraformaldehyde in PBS for 30 min at room temperature and washing three times in PBS, cells were permeabilized with 0.25% (w/v) saponin in PBS for 5 min and washed three times in blocking buffer (0.05% saponin, 3% BSA in PBS, pH 7.4). Cells were then incubated with 1:100 dilution of anti-cytochrome C (Pharmingen, San Diego, CA, USA) or anti-AIF antibody (Prosci Inc, Powesy, CA, USA) overnight at room temperature. Cells were washed three times with blocking buffer, and incubated with FITC-conjugated goat anti-mouse IgG antibody (Antibody Incorporated, Davis, CA, USA) or goat anti-rabbit IgG antibody (Oncogene, Boston, MA, USA) in 1:100 dilution for 60 min at room temperature. Cells were washed three times with blocking buffer and cytospuned onto slides and cover slips were mounted with an anti-fade reagent (Bio-Rad, Hercules, CA, USA). Slides were imaged using a laser-based confocal microscope.
Caspase activity
Cells were incubated with varying concentrations of thimerosal at 37°C for 4 h and 6 h. Caspase-3, caspase-8, and caspase-9 activities were assessed using a Colorimetric assay kit (Biovision Research Products, Palo Alto, CA, USA) according to the protocol provided by the manufacturer. This assay is based on the spectrophotometric detection of the chromophore p-nitinoanalide (pNA) after cleavage from the labeled substrate. Briefly, 1 × 10 6 cells were resuspended in chilled lysis buffer for 10 min and cytosolic extracts were isolated by centrifugation of lysed cells at 10 000 g for 2 min. Cytosolic extracts were incubated with conjugated caspase-3 substrate DEVD-pNA, caspase-8 substrate IETD-pNA or caspase-9 substrate LEHD-pNA in the presence of reaction buffer for 1 h at 37°C. The chromophore pNA was detected using a microtiter plate reader at 405 nM. Background readings from cell lysates incubated in the absence of substrates were subtracted from sample readings prior to determination of fold increase in caspase activity.
In addition, caspase-3 activity was measured by cleavage of its substrate PARP by Western blotting.
Western blotting
Three × 10 6 Jurkat T cells (treated with or without various concentrations of thimerosal) were harvested by centrifugation at various time points and whole cell extracts were prepared by lysing the cell pellet in 50-l cold TGNT buffer with protease and phosphatase inhibitors (100 mM Tris-Cl pH 7.4, 20% glycerol, 100 mM Nacl, 2% Triton X-100, 20 mM EGTA, 100 mM NaF, 4 mM phenylmethylsulfonyl fluoride, 4 mM sodium orthovanadate, and 2 mM p-nitrophenol phosphate) and clarified by centrifugation at 4°C for 20 min. Protein concentration of the lysates was determined by Bradford assay (Bio-Rad, Richmond, CA, USA). Aliquots of cell lysates containing 25 g of total protein are resolved by 10% SDS-Polyacrymide gel electrophoresis and transferred onto PVDF membranes by electroblotting. The membranes were blocked for 2 h at room temperature in TBS-T buffer with 5% non-fat dried milk, and sequentially probed by overnight incubation at 4°C with primary antibodies diluted in TBS-T buffer with 5% non-fat dried milk. These antibodies include anti-cIAP-1, anti-cIAP-2, anti-XIAP, antiBclx L , Bax, and anti-PARP (1:2000 dilution; Transduction Laboratory, San Diego, CA). The blots were washed three times for 15 min with TBS-T buffer and then incubated with HRP-conjugated anti-mouse secondary antibody (1:2000 dilution; Cell Signaling Technology, Beverly, MA, USA) for 1 h at room temperature. After washing three times for 20 min in TBS-T buffer, blots were developed with ECL Plus detection system (Amersham Pharmacia Biotech Inc, UK). Before each cycle of re-probing, blots were incubated at 50°C for 45 min in stripping buffer (62.5 mM Tris, pH 6.7, 2% SDS, and ␤-mercaptoethanol). To normalize protein loading and transfer efficiency, the blots were probed with anti-actin antibody (1:20,000 dilution; Chemicon, Temecula, CA, USA).
